Objective: To determine the prevalence of overweight and obesity in Irish children using four different weight-for-height methods and to examine secular trends from previous national data. Design: A cross-sectional survey. Weight and height were measured according to standard procedures and used to determine the prevalence of overweight and obesity using four weight-for-height methods of assessment, actual relative weight, the Centers for Disease Control and Prevention body mass index (BMI) for age charts for boys and girls, the BMI reference curves for the UK 1990 and the International Obesity Task Force age-and sex-specific BMI cutoffs. Results: The prevalence of overweight and obesity in Irish children is high, but varies considerably with each method. The prevalence of obesity in boys ranged from 4.1 to 11.2 % and in girls from 9.3 to 16.3%. Between 1990 and 2005, depending on the method used, there was a two-to-fourfold increase in obesity in children aged 8-12 years. Conclusion: It is evident given the variation displayed in the prevalence of obesity when using the different methods, that there is a discernible need for a single definition to identify the obese child in Ireland. The findings show a high prevalence of overweight and obesity in Irish school children and the increase in the prevalence of obesity over the last 15 years highlights this growing public health issue.
Introduction
Obesity is a major public health problem in Ireland, with 39 and 18% of Irish adults reported to be overweight and obese, respectively (McCarthy et al., 2001) . Since 1990, there has been no national data on the weight status of children, however, a recent study of inner city Dublin schoolchildren indicated that the levels of obesity among 10-12 years old has risen dramatically (Griffin et al., 2004) . Ireland is not alone, the World Health Organization (WHO, 1998) have reported that the prevalence of both adult and childhood obesity has reached epidemic proportions worldwide.
Obesity is defined as excess body fat and can be measured using various techniques such as dual-energy X-ray absorptiometry, underwater weighing and magnetic resonance imaging (WHO, 1998) . However, these methods require expensive equipment and are therefore limited to a clinical research setting. Alternatively, body mass index (BMI) (weight/height 2 ) is a valid and reproducible method that is cheap and convenient for the assessment of weight status (where weight becomes a surrogate for body fatness) in epidemiological studies. BMI is commonly used in adults and more recently recommended for use in children and adolescents (Power et al., 1997; Bellizzi and Dietz, 1999; Dietz and Bellizzi, 1999; Bini et al., 2000; Reilly et al., 2000; Widhalm et al., 2001) . However, the assessment of weight status in young people is more complex, when using BMI to assess adiposity in children and adolescents it is essential that age-and sex-specific BMI cutoffs be used to define overweight and obesity (Widhalm et al., 2001; Field et al., 2003) . Given the economic, environmental, genetic and nutrition influences on body size, having growth standards that are nationally representative is an important consideration (Livingstone, 2000) . However, as was highlighted in the recent study of Dublin schoolchildren, there is no standard method for weight status assessment among children in Ireland (Griffin et al., 2004) . Recently, the use of BMI standard deviation (s.d.) scores has also been recommended to monitor trends in childhood obesity (Rudolf et al., 2006) .
Childhood obesity is associated with a number of health problems, including type II diabetes, increased cardiovascular disease risk factors, respiratory problems, sleep apnoea, gall bladder disease, orthopaedic and psychosocial problems (Dietz, 1998; WHO, 1998; Must and Strauss, 1999; NTO, 2005) . Furthermore, the persistence of childhood obesity into adulthood and the prospect of the associated increases in mortality and morbidity in the long term have prioritized childhood obesity as a major public health crisis (WHO, 1998; Ebbeling et al., 2002; NTO, 2005) . Data on weight status that is both timely and representative is a fundamental requirement of public health campaigns to prevent and treat childhood obesity.
The National Children's Food Survey (NCFS) has recently collected the most detailed anthropometric, nutritional, physical activity and attitudinal data ever available on a nationally representative sample of Irish children. Such data is vital for formulating nutrition policy and for the development of effective health promotion strategies for Irish children.
Therefore, the aim of this study was to use the weight and height data collected and determine the prevalence of overweight and obesity using four different weight-forheight methods to define the overweight and obese child, secondly to indicate secular trends from pre-existing data and finally to consider the issue of which of these methods may be the most appropriate for determining the current prevalence of overweight and obesity in Irish children.
Methods

Subjects
The NCFS is a cross-sectional survey that was conducted between (IUNA, 2005 . Twenty-eight schools were selected from a database of Irish primary schools obtained from the Department of Education and Science. Selection of schools was stratified by urban/rural location, the mix of sex, size of school and if it was disadvantaged or not. The children were randomly selected from the school roll and received a letter for their parents, after which those who expressed an interest were interviewed in their home to explain the study in detail. Parents who agreed to participate gave written consent for their child to take part. Sampling during the survey was seasonally balanced and the response rate was 66%. In total, 596 children aged 5-12 years participated in the survey. This sample was representative of the population with respect to sex, age, location and social class. Ethical permission was obtained from the Federated Dublin Voluntary Hospitals and St James's Hospital Joint Research Ethics Committee.
Anthropometry
Anthropometric data were collected for all 596 children (295 boys and 301 girls) by qualified nutritionists. Weight was measured in duplicate using a Seca 770 digital personal weighing scale (Chasmores Ltd, UK), to the nearest 0.1 kg. Children were weighed while wearing light clothing, without shoes and after voiding. Height was measured to the nearest 0.1 cm, using the Leicester portable height measure (Chasmores Ltd, UK), with the respondent's head positioned in the Frankfurt Plane. BMI was used to indirectly assess adiposity and was calculated by weight (kg) divided by height squared (m 2 ).
As the same assessment methods were used, archived weight (kg) and height (cm) data collected in children aged 8-12 years during the Irish National Nutrition Survey (INNS), a cross-sectional and nationally representative survey conducted in 1990, were analysed and compared with the current data (Lee and Cunningham, 1990) . In the INNS, 14 primary schools were selected with probability proportionate to size and were stratified by county (Lee and Cunningham, 1990) . Comparisons were also made with the 1948 National Nutrition Survey, using mean height and weight data that was recorded on 14 835 primary school children and then classified by area of residence, father's occupation, age and sex (DOH, 1952) . In order to establish crude trends in mean weight (kg), height (m) and BMI (kg/m 2 ) over the last 57 years, data for 8-12 year olds from the 1948 NNS, 1990 INNS and NCFS were plotted as a percentage increase since 1948.
Defining overweight and obesity Four weight-for-height methods were used to determine the prevalence of overweight and obesity in this sample of Irish children. Firstly, actual relative weight (ARW) was determined by expressing observed body weight as a percentage of ideal body weight. The current Irish weight and height centile growth charts were used to estimate each child's ideal weight, where ideal weight is the expected weight for a child's height, age and sex (Hoey et al., 1987; Power et al., 1997) . The ARW cutoffs used to define body weight status were normal 90-110%, slightly overweight 111-120% and overweight X120% (NCHS, 1973) .
Age-and-sex-specific BMI charts were also used to establish the prevalence of overweight and obesity in this sample. Age-and-sex-specific BMI charts compare a child's BMI to the BMI distribution of a reference sample of children of the same age . Centile cutoffs are then used to define the weight status of the child.
Owing to the absence of age-and-sex-specific BMI charts for an Irish reference population, the Centres for Disease Control and Prevention (CDC) BMI charts, developed to measure the nutritional status of US boys and girls aged 2-20 years, were used (Kuczmarski et al., 2000) . The cutoffs for use with these charts to define overweight status included describing all children with a BMI between the 85th and 95th percentile as 'at risk of overweight' and those with a BMI on or above the 95th percentile as 'overweight' (Kuczmarski et al., 2000) . The second age-and sex-specific BMI charts used in this study were the UK 1990 BMI reference curves for boys and girls (UK90). The criteria used in these charts to define 'overweight' were having a BMI between the 91st and 98th percentile, whereas the criteria for 'obesity' was a BMI on or above the 98th percentile (Cole et al., 1995) .
Finally, the recently published International Obesity Task Force (IOTF) age-and-sex-specific BMI cutoffs for defining overweight and obesity between 2 and 18 years were also used in this study and were applied at the level of each individual. The cutoffs are linked to the widely accepted adult definitions for overweight and obesity, a BMI of X25 and 30 kg/m 2 , respectively, at age 18 years. These BMI cutoffs are specified in intervals at exact half-year ages. For example, a 7.5-year-old girl with a BMI of 19.5 would be classed as overweight; however the same girl with a BMI of 17.5 is of normal weight (Cole et al., 2000) . Although prevalence of underweight can be assessed using ARW and the CDC charts, this was not carried out in this study. Finally for convenience and to avoid confusion, both the ARW categories of 'slightly overweight' and 'overweight' and the CDC categories of 'at risk of overweight' and 'overweight', are referred to in this paper as 'overweight' and 'obesity', respectively.
Statistical analysis
Statistical analysis was performed using SPSS for Windows version 12.0. (SPSS Inc., Chicago, IL, USA). The mean and s.d. were calculated for weight, height and BMI across sex and age groups. Differences in the mean weight, height and BMI between the 1990 INNS and 2005 NCFS data were evaluated for boys and girls according to age-group, using an independent samples t-test.
Cross-tabulation described the proportion of boys and girls in each of the body weight categories within age groups, according to all four methods to define overweight and obesity (ARW, CDC, IOTF and UK90). The proportion of 8-12 year old children in each of the body weight categories, using three of the four methods (CDC, IOTF and UK90), was calculated for both the 1990 INNS and 2005 NCFS data to show the change in prevalence over the last 15 years and significant differences were tested using Pearson w 2 analysis.
A one-way analysis of variance for multiple comparisons was used to evaluate differences within sex and age group, in mean weight, height and BMI across body weight categories, for each of the four methods used for defining overweight and obesity. The Scheffe and Tamhane post hoc tests were used to check for significant differences between groups as appropriate.
Results
Among boys aged 5-12 years, the mean weight, height and BMI were 32.3 kg, 1.3 m and 17.6 kg/m 2 , respectively. In girls, the mean weight, height and BMI were 33.7 kg, 1.3 m and 18.4 kg/m 2 , respectively (data not shown). Table 1 summarises the mean weight, height and BMI for boys and girls aged 8-12 years from the 1990 INNS to the 2005 NCFS. There was a significant increase between the 1990 INNS and NCFS in mean weight, height and BMI, for boys aged 10-12 years (Pp0.05) and for girls, aged 11-12 years (Pp0.05).
The prevalence of overweight and obesity among boys and girls and by age group is shown in Table 2 . Depending on the method used, the prevalence of overweight in all boys, ranged from 10.5 to 15.3% and obesity from 4.1 to 11.2%. Furthermore, in all girls the prevalence of overweight ranged from 11.6 to 19.6% and obesity from 9.3 to 16.3%. In the older girls aged 9-12 years, the prevalence of obesity was higher still, ranging from 10 to 22.7%.
In Table 2 , the mean weight (kg), height (m) and BMI (kg/m 2 ) across the body weight categories normal, overweight and obese, as defined by each of the four different methods are also given. With the exception of the ARW method in 5-8 years old children, there was a significant increase (Pp0.05) in body weight across the three categories, regardless of the method used. In general, there was no significant increase in height across the three categories for nearly all of the children, especially the boys. Therefore, those children grouped as overweight and obese, in general tended to be heavier, but at the same height as those children classed as normal. Accordingly, BMI showed a statistically significant increase across the categories in all children and in all age groups using the various criteria (Pp0.05). Surprisingly, comparisons of the mean body weight data between the normal, overweight and obese categories, showed few statistical differences when using the ARW and CDC classifications, although in all instances the trend was as expected. In most cases, the IOTF and UK90 classifications were the only methods showing significant weight differences between all three body weight categories (normal, overweight and obese) (Pp0.05). Figure 1 . Body weight has increased at a much more dramatic rate than height or BMI since 1948.
Discussion
The results of this study show that not only is the problem of childhood obesity very much evident in Ireland, but the prevalence has rapidly increased over the last 15 years. Furthermore over the last 57 years, adiposity in Irish children aged 8-12 years has also steadily risen. In this study, three commonly applied BMI-age references and ARW were used to estimate the prevalence of overweight and obesity in Irish children and the results show that the prevalence varies depending on the method of assessment used (Table 2 ). This reinforces the need for a single definition to identify the overweight and obese child.
Weight-for-height indices are commonly used in research to measure adiposity in children. ARW is one of the most primitive of these measures and a chart of expected weight for a child's height, age and sex was used (Hoey et al., 1987; Power et al., 1997) . A limitation of this method is the assumption that the distribution of a child's weight for age is the same as the distribution of weight at the child's height for age (Himes and Dietz, 1994) . In a recent analysis of weight for height indices using a large cross-sectional survey of Dutch individuals, Cole (2002) reported that weight and height centile comparisons similar to ARW, are not an accurate measure of weight-for-height, as the difference between weight and height centiles was poorly correlated to weight and negatively correlated with height. Weight and height centile comparisons similar to ARW risk falsely identifying large numbers of children in need of intervention. Furthermore, this method is arbitrary and has not been linked to obesity-related risk factors for disease in children and adolescents (Kiess et al., 2004) .
BMI is another weight-for-height index now widely accepted to measure adiposity. In contrast to weight and height centile comparisons that assume weight and height are of equal importance, BMI expresses weight adjusted for height (Cole, 2002) . In children BMI changes with age and so should be assessed using age-and sex-specific references (Cole et al., 1995) . Many countries (including Ireland) are without their own national BMI-age reference curves to assess the prevalence of overweight and obesity and therefore resort to applying reference data and cutoffs produced by other countries. The CDC BMI-age reference curves for boys and girls aged 2-20 years were developed from five cross-sectional, nationally representative surveys carried out in the US in 1963 -1994 (Kuczmarski et al., 2000 . The reference curves for the UK 1990 also used in this study were Prevalence of overweight and obesity in Irish school children JL O'Neill et al derived from 11 UK surveys for which data were collected between 1978 and 1990 (Cole et al., 1995) . It is important to note that when using centile cutoffs, independent of age and sex, the prevalence of overweight and obesity is always going to be related to the percentage of the reference population situated above the chosen centile (Power et al., 1997; Bellizzi and Dietz, 1999; Chinn, 2006) . Therefore, it is recommended that growth reference charts be fixed at a certain time point to enable changes in prevalence over time be monitored (Power et al., 1997; Bellizzi and Dietz, 1999) . Updating charts on a regular basis would mask any secular trends present in a data set, for example, when the CDC BMI age charts were constructed they excluded the data from 1994 for US children X6 years to avoid this. Cole et al. (2000) published international age-and sexspecific cutoffs for defining overweight and obesity in children and adolescents aged 2-20 years (IOTF) that were developed from data obtained from six large cross-sectional surveys. Centile curves were drawn so that at age 18 years they passed through the adult cutoff points for overweight and obesity, 25 and 30 kg/m 2 , respectively. The cutoffs are recommended for use in international comparisons of the prevalence of overweight and obesity in children and adolescents (Cole et al., 2000) . Abbreviations: ARW, actual relative weight; CDC, centres for disease control and prevention; IOTF, International obesity task force; BMI, body mass index. ARW, actual relative weight (Hoey et al., 1987) . CDC -Centers for Disease Control and Prevention BMI for age charts for boys and girls (Kuczmarski et al., 2000) . IOTF, International Obesity Task Force age and sex specific BMI cutoffs (Cole et al., 2000) . UK 90 -BMI reference curves for the UK 1990 (Cole et al., 1995) .
abc Different superscripts denote significant differences at Pp0.05 across the normal, overweight and obese categories. NS, not significant at P40.05. *Underweight was analysed but not presented.
Given the rising prevalence of childhood obesity around the globe (WHO, 1998) and the continued lack of conformity to one standard method of assessment, it is no wonder that there is much debate in the literature in relation to the use of an international approach compared with national-based classifications. Flegal et al. (2001) used the CDC and IOTF methods to assess US children and adolescents aged 2-19 years. The IOTF reference produced a lower prevalence of overweight than the CDC reference in the younger children 2-14 years. Additionally, in a large sample of Chilean children aged 6 years, it was reported that the overall prevalence of obesity was halved when using the IOTF reference compared to the CDC reference (Kain et al., 2002) .
In the UK, the UK90 reference had a higher sensitivity and specificity than the IOTF method for defining obesity in 7-year-old children (Reilly et al., 2000) , suggesting that the IOTF reference would underestimate the prevalence of obesity compared to the UK90 reference. Additionally, when the IOTF and CDC references were compared in a large nationally representative sample of Swiss children aged 6-12 years for overweight, the sensitivity and specificity of the two methods were high, but for obesity the CDC reference had a higher sensitivity and specificity than the IOTF reference (Zimmermann et al., 2004) . As highlighted by the original authors, the IOTF cutoffs for defining overweight are more accurate than those for obesity (Cole et al., 2000) .
Recently, Chinn (2006) reviewed reasons why the IOTF recommendations have not been universally enforced. A literature search revealed that the main reasons were use of BMI z-scores, no cutoffs for identifying underweight, IOTF cutoffs under/overestimating the prevalence of obesity and no cutoffs available for under 2 years. The problem of comparing with previous studies that had not used the IOTF cutoffs was also highlighted. The author recommended that if using national definitions the IOTF cutoffs should also be applied to enable comparisons be made (Chinn, 2006) .
Over the last two decades the prevalence of childhood overweight and obesity has rapidly increased around the world (Lobstein et al., 2004) . The prevalence of obesity in this sample of Irish children is alarmingly high, ranging from 4.1-11.2% in boys to 9.3-16.3% in girls, depending on the method used. The range in values highlights the difficulty posed when making comparisons.
In the UK, when using the IOTF definition, the prevalence of overweight and obesity for 4-18 years old, was 15 and 4%, respectively, similar to that found in this study (Jebb et al., 2004) . Likewise, in Cypriot children aged 6-17 years, the prevalence of overweight was 19 and 17% and obesity was 7 and 6%, in boys in girls, respectively (Savva et al., 2002) . However, in Portuguese 7-9 years old, the prevalence of overweight and obesity was higher than in this sample, at 20 and 11%, respectively (Padez et al., 2004) . In Spanish 6-7 years old, the prevalence of obesity ranged from 8.5% in Madrid to as high as 15.7% in Cadiz (Rodriguez-Artalejo et al., 2002) . When using the UK90 definition, in a sample of 4-7 year old children from rural Ireland, the prevalence of overweight was nearly double than that of the present study with 23% of boys and 18% of girls overweight (McMaster (Kuczmarski et al., 2000) . IOTF -International Obesity Task Force age-and sex-specific BMI cutoffs (Cole et al., 2000) . UK 90 -BMI refernce curves for the UK 1990 (Cole et al., 1995 et al. , 2005) . However, the prevalence of obesity was similar in boys at 11%, but lower in girls at 5% (McMaster et al., 2005) . The prevalence of overweight in 11-12 year old Dublin children in Ireland was 12-14% and the prevalence of obesity was 9% (Griffin et al., 2004) , which corresponds well with the findings of the present study, when using the UK90 definition. However, the prevalence of obesity in the present sample of Irish children was slightly higher than that found in an investigation of Swiss children aged 6-12 years in 1999, 13% compared to 9% in Swiss girls. However, the results for boys were similar, 9.2% compared to 10% in Switzerland (Zimmermann et al., 2000) . In some countries outside of Europe, the prevalence of overweight is reportedly much lower. Using the IOTF reference, Wang et al. (2002) estimated the prevalence of overweight including obesity in 6-18 years old, in China to be 7%, in Russia 9% and in Brazil 13.9%. In contrast, the prevalence of overweight and obesity in the US has now reached epidemic proportions. Recently, results for US children aged 2-19 years from the cross-sectional nationally representative National Health and Nutrition Examination Survey (NHANES) in 1999-2000, show a prevalence of overweight nearly double that found in this sample of Irish children when using the CDC reference. The prevalence of overweight was 30% in 6-11 year old US children compared to 14.9% in Irish boys and 15.9% in Irish girls aged 5-12 years .
Furthermore, not only have we demonstrated that currently the prevalence of overweight and obesity in Irish children is high, but also the results indicate that there was a significant increase over the last 15 years; a two-to-fourfold increase in obesity was shown in 8-12 year old children, depending on the method used (Table 3) . Correspondingly in Germany, Kromeyer-Hauschild et al. (1999) , described that the proportion of children 7-14 years, defined as obese using the French classification (BMI age centile cutoffs), increased twofold, between 1975 and 1995 . Furthermore, in recent work, Chinn and Rona (2001 reported that the prevalence of overweight in 4-11 year old English and Scottish children increased nearly twofold between 1984 and 1994 and also Jotangia et al. (2005) reported a 1.4-fold increase in the prevalence of obesity in 2-10 year old English children between 1995 and 2003. The increase in the prevalence of obesity in Irish children since the 1990s reflects that reported in the US between the NHANES II conducted in 1976 -1980 and the NHANES III in 1988 -1994 . During this time the prevalence of obesity in US children aged 6-11 years nearly doubled, from 6.5 to 11.3% . Similarly in Canada, Willms et al. (2003) reported that between 1981 and 1996 there was almost a threefold increase in the proportion of children (7-13 years) defined as overweight, using the IOTF reference.
In order to establish a simplistic indication of the trend in adiposity in children over the last 57 years, the mean weight, height and BMI of children aged 8-12 years from the 1990 INNS to 2005 NCFS were plotted to show the percentage increase since the 1948 NNS (Figure 1 ). The greatest increase is seen in the mean weight, which has increased in linear manner, with only a slight increase in mean height. This is a very crude estimate of increasing adiposity over the last 57 years and it is important to note that when interpreting these results, the sampling criteria differ between surveys.
Another important finding of this study was in the analysis of the weight and height of children classified as normal, overweight and obese. For nearly all children there was a significant increase in weight across body weight categories, but in general there was no significant increase in height (Table 2 ). Therefore on the whole, those children classed as overweight or obese are heavier but not taller than those classed as normal. These findings clearly strengthen the results of this investigation and highlight the growing problem of childhood obesity in Ireland.
All four methods used in this study to establish the current prevalence of overweight and obesity in Irish children have advantages but also limitations. Further work is necessary before a single method is universally accepted. However it was found that in most cases, it was only the IOTF and UK90 method that could distinguish between normal weight, overweight and obese in terms of significant differences in weight status (Table 2 ). When using BMI or weight-forheight, weight is the surrogate for fatness. Therefore, indices that show no difference in the weights of children defined as normal vs overweight or between those defined as overweight vs obese are not as useful as indices that can identify differences. In many, when using ARW and CDC there were no apparent differences in the mean weights of children between the different body weight categories (normal vs overweight and overweight vs obese).
Nevertheless, care should be taken when interpreting the prevalence of obesity using the IOTF cutoffs and additional research is required with regards to the screening ability of the IOTF cutoffs and relationship to morbidity. Also, as mentioned earlier the IOTF method is further limited in the fact that it has no criteria for identifying children who are underweight and may be at risk of growth faltering (Chinn, 2006) . Additionally, other researchers reported a lower sensitivity and specificity when using the IOTF cutoffs for defining overweight and obesity.
The varying prevalence of overweight and obesity in children around the globe, suggests that a population specific reference is favourable over an international one, so that genetic, cultural and environmental differences between countries are accounted for (Schaefer et al., 1998; Reilly, 2002) . There are currently no BMI-age charts developed for an Irish reference population. Therefore, the UK90 charts overall appear to be the most appropriate method for Irish children. The UK90 method showed that in the majority of age and sex categories, children who were classified as normal vs overweight vs obese were all significantly heavier (Table 2) . However, until a standard method for defining the overweight and obese child is developed, it seems wise as in the present study to express national data using a selection of cutoff methods, to allow comparisons be made.
